The basis of the obtained materials was 95% (wt%) tungsten carbide with the addition of about 4.75% Co 0.1% Nb and 0.15% Tl. During sintering flake graphene was added and in the case of the second sample also nano diamonds were added into the top layer. Surface properties of the obtained materials were determined by wettability. The apparent surface free energy was described applying the hysteresis approach. For better description of wettability the equilibrium contact angles, calculated from the Tadmor's theory, were used. Surface roughness of the obtained materials was examined using the optical profilometry. Generally, the obtained materials have a rough structure in the micrometer scale also exhibiting some nano roughness. The industrial tests show 15% durability improvement of these materials compared to those without graphene.
Introduction
Graphene is an allotropic form of carbon with a two-dimensional structure. This structure provides outstanding properties of graphene material: mechanical, electrical, thermal and optical. Graphene dispersions were deposited using the drop casting method. Topography of the obtained materials was investigated by AFM microscopy and based on the R RMR index. The roughness of the obtained materials did not exceed 900 nm. Existence of graphene was confirmed by Raman spectroscopy. Surface wettability was determined by 5 µl water droplets measuring advancing and receding contact angles. The value of the advancing contact angle change from 65.62 to 139.69° depending on the graphene functionalization (Marcano et al. 2010; Hadad et al. 2014; Quintana et al. 2010) . A high contact angle hysteresis was observed on the obtained materials. Using this type of synthesis stable in time layers with controlled wettability were obtained. Zhao et al. (2017) obtained the graphene-metal hybrid system in five steps. On the composite surface uniform nanoscale graphene gaps were found. Quoting the researchers on for the materials can open a new way for rational design of the graphene-plasmonic hybrid structure in the case of surfaceenhanced Raman scattering. Song et al. (2017) obtained a superhydrophobic graphene structure on the stainless steel which was prepared by laser etching and then to obtain the pillar structure it was immersed in (CH 3 (CH 2 ) 11 Si(OCH 3 ) 3 ). The graphene film was grown by chemical vapour deposition (Li et al. 2016) and then the graphene layer was transferred onto the prepared stainless steel surface (Barin et al. 2015) . Due to this process they obtained the surface with the hierarchical structure of roughness dependent on laser etching of substrate material. Topography of the obtained materials was investigated by 3D confocal laser scanning and SEM images. Average roughness changed depending on the obtained structure and it was 3.8 µm for the horseshoe structure and 10.2 µm for the inverted hook one. Then the graphene film was deposited as the rose petal structured on the stainless steel plates the water contact angle was 154.3° with strong water adhesion to the surface. These materials can be applied as smart materials and microfluidic devices in the future.
Graphene is a new material and it is still difficult to obtain uniform and big graphene foils. However, as it was mentioned above scientists work on future application of graphene in the composite structure. The literature reports more applications of graphene in the surface preparation Yang et al. 2017; Tresca et al. 2017) . Moreover, there is a lot of basic research about graphene wettability of which that by Raj et al. (2013) is worth mentioning. There are also some papers about molecular investigations of water behaviour on the graphene surface Bagheri et al. 2017 ). In the Department of Physical ChemistryInterfacial Phenomena the investigations are carried out on designing the surface with specific properties , in collaboration with industry as far as specific surface properties are concerned (Terpiłowski et al. 2017) . In this manuscript surface properties of graphene and graphene/diamond composites are discussed. These materials are used to prepare honing tools and we do not think only about not only prospective application of these materials. They are sent to one of our collaborators for testing under industrial conditions.
Experimental

Sample preparation
Basic material consists of 95% (wt%) tungsten carbide, and about 4.75% of cobalt, 0.1% of niobium, 0.15% tallium. Powder materials are placed in a special form, base materials are placed on the bottom of the form and those enriched with petal graphene on the top (Institute of Electronic Materials Technology, ITME, Warsaw) (Stupiński 2011) powder (5 volume % the layer) and in the second case graphene powder and 0.25−5 carats of diamonds (Diamonds Market Antwerp, Belgium). Powder materials are bowed in an electric arc in the temperature range 900-1200 °C with the eletrical power 100 kW for 15 min. The obtained tool has hardness of about 40-70 degrees in the Rockwell scale. The materials were obtained from the ZNDiS company (Diamond and Sintered Tools Factory, Kraśnik, Poland). The image of the obtained surface is shown in Fig. 1. 
Infrared RAMAN spectroscopy
Spectra were prepared using the In Via Reflex reserchgrande microscope (Renishaw) with a single-grating spectrometer coupled to a research grade optical microscope.
Scanning microscope images (SEM)
Morphology was examined using the high distributive field emission scanning electron-ion microscope (FE−SEM) (Quanta 3D FEG, FEI) (BSED detector).
Optical profilometry
Surface images of the obtained materials and their roughness were analysed using an optical profilometer (Contour GT, Veeco) to have the same area as a droplet on the surface during the angle measurements. The recorded side profiles were indicative of complex shape of synthesised samples surface. While the simple roughness parameter R a (average roughness) was not adequate in this case, R q (root−mean−square roughness) and R t (the peak−to−valley distance calculated over the entire measured area) parameters were taken into consideration.
Wettability
Contact angles
To characterise wettability the advancing and receding contact angles were measured using the GBX (France) apparatus. In the first step a 6 µl droplet was placed on the surface. The contact angles in the left and right sides of the droplet were measured using Win Drop++ program and they were averaged. Then 2 µl of the tested liquid was sucked back into the syringe and the receding contact angle was measured in the same way. In the chamber the temperature was 20 °C and the relative humidity 50%. The plate was kept in the chamber for about 5 min before the measurements to obtain a proper temperature. The values of the contact angles shown in the graphs are the average from at least ten droplets.
Apparent surface free energy
From advancing and receding contact angles equilibrium contact angles were calculated using Eq. 1c proposed by Tadmor (Tadmor 2008a, b; Tadmor at al. 2017 ). where: θ a -the advancing contact angle, θ r -the receding contact angle, Γ a -the advancing angle weight coefficient (Terpiłowski 2015) , Γ r -the receding angle weight coefficient (Terpiłowski 2015) , θ 0 -the calculated equilibrium contact angle.
Then the hysteresis (Eq. 2) (Chibowski 2002 ) approach used for calculation of apparent surface free energy where:
tot S -the apparent surface free energy, γ L -the liquid surface tension is transferred into (Chibowski and Terpiłowski 2009 ) (Eq. 3)
Results and discussion
The samples were cut into for 2 × 2 cm plates. The examined samples in cross-section had two distinctive layers. In the case of surfaces with diamonds the upper layer was lighter while in the case of surfaces with graphene and diamond it was darker. In order to confirm that graphene and diamonds
(1 + cos )
were obtained, Raman spectra of the tested materials were made on the surface. Also in the case of diamonds addition shiny elements can be seen on the surface. Using the optical microscope which is the part of Raman spectrometer sites of possible presence of graphene and diamonds were found (Figs. 2a, 3a , c). Spectra were taken of these places to confirm specific properties of the surface top. As can be seen from Fig. 2a two characteristic peeks for graphene were found. The first peak at about 1330 cm −1 which corresponds to the graphene edge structure and is known as disordered bands (Seung et al. 2017; Tuz Johra et al. 2014) . The other one was found at about 1580 cm −1 and according to Li et al. (Li et al. 2017) this peak represents the vibrations in all sp 2 bonded carbon atoms, which is associated with the "defectfree" graphitic character. In the case of the other material a surface specific spectrum for the natural diamond structure was found. The characteristic peak of this structure is at about (Fig. 2b) 1332 cm −1 and this is a very sharp peak of diamond structure vibrations (Nasdala et al. 2016) . Graphene is also present on this surface its spectrum can be seen in Fig. 3d and compared with the former material of about 2700 cm −1 peak was observed and it corresponds to the thickness of graphene presented on the matrix. Its presence can also indicate partial oxidation of graphene and vertical deposition of flakes (Li et al. 2017; Ling et al. 2013 ).
In the case of scanning microscopy, the representative images were chosen. As can be seen in Fig. 4a the border between the bottom and top layers of the graphene clusters is visible seen in the top layer. They are present in the material quite irregularly and are of varied sizes. The bottom layer structure is uniform which can be seen in Fig. 4c . In the case of the other material more significant difference between the bottom and top layers is observed (Fig. 5a ). Graphene (Fig. 5b) . In the case of diamond, it should be mentioned that this material is not soldered. To keep the diamond on the surface it should be surrounded by carbide. Diamond particles used in the industry are of circular shape and the diamond particle is a round object (Fig. 5c) .
Wettability of solid surface depends on the surface composition and surface roughness. Wettability was determined using 6 µl volume droplets (Rymuszka et al. 2013 ) and the roughness was described using optical profilometry. A liquid droplet occupies the area of about a few square millimetres and profilometry data corelate well with the liquid behaviour on the surface. As can be seen in Fig. 6 the plate obtained with the graphene addition is rough. On the side profile (Fig. 6b) on the surface some deep gaps, average roughness 2.2 µm can be observed (Table 1) . These gaps are distributed regularly which is evident from the value of R RMS index which is used to eliminate the influence on the average of one huge roughness. In this case its value is very close to the average, so it is possible to believe that gaps are distributed regularly and the whole material is homogeneous. Moreover, it was impossible to find differences between the roughness of bottom and top layers. A contrary situation is observed in the case of the second material. As can be seen in Fig. 7a if the optical profilometry image was taken from the plate side there are difference in the roughness as can be seen in Fig. 7b . However, the most interesting is the top layer and here one can see a rough structure. Roughness is distributed more randomly (Fig. 7c, d ). This structure was obtained by the diamond addition. The average roughness was 13.70 µm and the difference between the deepest valley and the highest hill was 114.7 µm ( Table 1) . Wettability of the top layer of the obtained materials was determined with water (Milli-Q 18.2 mΩ/cm) and diiodomethane (99% Sigma-Aldrich Germany). The water contact angle for smooth graphene according to CyuangJhang et al. (2016) was about 80°, but for the material where graphene was deposited on the carbon plate it was 61.1°. Just after taking it out from vacuum it increased to 86.5° and after the exposure to ambient air it decreased to 61.4° (Lai et al. 2014) . Taking this data into account it can be clearly seen that graphene contact angle depends largely on the condition where it was measured and because of two-dimensional structure also on the support plate where the graphene petal is placed during the contact angle measurements. As for the materials under consideration the advancing water contact angles were 61.5 ± 3.6° and 65.5 ± 1.8° for the first and second materials respectively (Fig. 8) . Considering the water contact angle value these materials should be treated as hydrophilic because the water contact angle is lower than 90°. For description of wettability not only contact angles are used. The second factor is the apparent surface free energy. Calculation of (1805) assumption, the contact angle known from his equation should be measured under equilibrium conditions. The liquid droplet should be in the equilibrium with its vapour but without adsorption on the surface. These conditions are impossible to obtain experimentally. Because of that the equilibrium contact angles were calculated from the Tadmor (Tadmor 2008a, b; Tadmor et al. 2017) theory. Moreover, classical wettability of rough hydrophobic surfaces is considered using the Wenzel (1936) theory, however, looking at the side profiles (Figs. 6b, 7d ) and knowing liquids properties for wettability of these materials there should be used the theory proposed by Bormashenko (Bormashenko 2011) . It describes wettability of rough surface, the roughness can be partially wetted by liquid. It means that liquid does not penetrate all "cracks" on the surface. Also because of that using the equilibrium contact angle is justified. The apparent surface free energy was calculated using the equilibrium contact angles. If the diiodomethane surface tension is assumed to be 50.8 mJ/m 2 and interactions are due to dispersive forces. The large value of apparent free energy (Fig. 9) obtained from the diiodomethane contact angle proves large dispersive interactions on the surface. Apparent surface free energy calculated from the water contact angle is 58.8 ± 1.8 and 56.2 ± 0.9 mJ/m 2 from diiodomethane. The energy calculated from water is about 8 mJ/m 2 higher than that calculated from the diiodomethane contact angles. Large value of dispersive interactions on the surface is characteristic of hydrophobic or superhydrophobic surfaces (Chibowski 2011) . Therefore, in the case of the examined surface, roughness structure is of crucial importance for wettability.
Conclusions
New materials with a specific top layer were obtained. Existence of graphene and diamonds was proved by Raman spectroscopy. Because of that based on the SEM images one can think that dark gaps on the surface are graphene and those circular diamond. The obtained materials have rough structure in general of micrometer scale also exhibiting some nano roughness. Wettability of surfaces was investigated using polar (water) and nonpolar (diiodomethane) liquids. The diamonds addition affects roughness change and wettability as can be seen in the case of polar liquid. Describing wettability based on the equilibrium contact angles can provide information about apparent surface free energy which is significant in the precision industry. The industrial tests show 15% improvement durability of these materials compared to those without graphene. 
